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Wind-Tunnel Model De_;cription The forebody roughness of the model was increased by bonding micromachined brass overlays to the side plates. Figure  5 shows a sample of this roughness "screen" overlaid on the top view of the model. These "screens" consist of a series of transverse bars with the shim (z), slot (E), and "land" (k) dimensions determining the roughness of the surface. Figure 7 shows the geometric layout for these bar grid overlays.
A single overlay geometry using lands and slots aligned parallel to the direction of flow was also tested. Table 1 shows the geometries tested, and the equivalent surface roughness (Ks) derived from empirical-fit formulae presented in Mills. 7 using the CFD data. The integrated skin drag coefficient was predicted using the two-dimensional Hoerner drag model.
Wake Profile Analysis
This analysis method fits the wind-tunnel wake data with a symmetric "cosine law" velocity distribution profile of the form
In equation (2), Umi n iS the minimum velocity in the wake, 3' is the lateral distance outwards from the center of the wake, U e is the velocity at the edge of the wake, u(y) is the local velocity within the wake, and 8 is the wake half-width.
A least-squares method was used to curve-fit the measured velocity distribution data to the profile assumed in equation (2). In this method, equation (2) is rewritten as a linear system of the form
where The CFD flow calculations were performed using a commercially available code. 
• Uel cos(try,,/8 {_)) Figure 9 shows the predicted CFD model flow field. 
Using a first-order perturbation, equation (4) can be "updated" using nonlinear regression to get a refined value for 5 :
where
After extensive algebra, the least-squares solution to equations (5) and (6) can be written as
Assuming that a starting value for the wake half-width, 8 (°). is known beforehand (from visual inspection of the wake data), equations (4)- (7) are solved iteratively until convergence. Convergence typically takes less than ten iterations. In equations (8) and (9), u(y) is the local velocity in the wake at lateral offset location y, and U e is the local velocity at the edge of the wake. The free-stream momentum thickness is calculated from the local momentum thickness using the well-known SquireYoung formula: 10
Equation (10) corrects for the effects of the wind tunnel blockage described earlier in this paper. In equation (10), H is the wake shape parameter defined by
Ow
The free-stream drag coefficient is computed from the normalized section drag 
In equations (13) The roughness dependent bias term can be eliminated from equation (13) by expressing the law of the wake in terms of the local "velocity defect":
In equations (18)- (19), the subscript i is the measurement, and the superscript (k) is the iteration index. After some extensive algebra, the least-squares solution to equation (19) can be written as
The wake parameter, I-I, is proportional to the local longitudinal pressure gradient. Das l°" 12 has established an empirical correlation that relates the wake parameter to the more familiar "Clauser parameter, ''13 [3, where ,.) 0.42F1" + 0.7611 -0.4 = 13 = 2 8* dPe
In equation (17) 
In equation (26), H = 8*/0 is the boundary-layer shape parameter. The Clauser parameter, 13, is related to the local pressure gradient, the displacement thickness, and the local skin-friction coefficient as
Solving equations (26) and (27) 
As with the earlier wake analysis, an approximate accounting of overall error in the wake drag coefficient can be performed using a linear perturbation analysis.
The appendix show's this linearized error analysis.
Forebody Pressure Analysis
The Because the forebody skin drag coefficient is lowered, the base drag is expected to correspondingly increase. Clearly, riblets should not be used in conjunction with "suboptimal" configurations that have highly separated base regions; their effect will cause the base drag to rise. 
Summary
and Concluding Remarks In equation (20) 
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